Background: As the population of the United States ages, there will be increasing numbers of lung cancer patients with comorbidities at diagnosis. Comorbid conditions are important factors in both the choice of the lung cancer treatment and outcomes. However, the impact of individual comorbid conditions on patient survival remains unclear.
Introduction
Despite the decline in lung cancer incidence rates over the past decade, lung cancer remains the leading cause of cancer deaths among both males and females in United States. Lung cancer accounts for an estimated 27% of total cancer deaths and 13% of new cancer cases in United States (1) . Advances in medical science have contributed to the increase of 1-year survival rates for lung cancer patients; however, the overall 5-year survival remains low (1) . Age, gender, lung function, stage, performance status, and comorbidity are among factors affecting the survival of lung cancer patients (2) .
Incidence of lung cancer is higher among older patients, and the prevalence of comorbidity is higher in these patients compared with younger patients (3) . The effect of comorbid conditions on survival has drawn high research interest, although the results are inconsistent. Some studies showed comorbidity as being an independent prognostic factor for lung cancer survival (4) (5) (6) . The
Charlson Comorbidity index is the most widely utilized tool for evaluating the comorbidity burden in patients with chronic disease (7) . However, this score does not seem to consistently predict for outcomes in lung cancer patients with some (6) but not all studies (8, 9) demonstrating worse outcomes with increasing comorbidities.
Comorbidity potentially affects lung cancer survival in several ways. Certain conditions, including chronic obstructive lung disease, cerebrovascular diseases, heart failure, and myocardial infarction were found to have an independent negative effect on survival. In addition, comorbid conditions could camouflage the cancer symptoms and cause delay in the diagnosis, although another possibility was that some lung cancer patients could be diagnosed at an earlier stage through regular observation of other chronic disease (3) . In any case, the presence of comorbidities could prevent complete diagnostic evaluation leading to less accurate staging. Comorbidity also influences treatment selection, preventing patients from receiving aggressive lung cancer treatment (3, 4, 10) . Furthermore, comorbidity could associate with the morphology, histology, differentiation, proliferation status, as well as with growth rate of the cancer itself, thus affecting the prognosis. Comorbidity may also increase the risk of complications and 30-day postoperative mortality after surgery (11) , and the risk for complications increases as the comorbidity index score increases (12) .
Most of the studies aggregated comorbidity into a comorbidity index (most frequently the Charlson comorbidity index) with little consideration of how specific conditions affected outcomes individually. The aim of the current study was to not only examine the overall comorbidities, but also individual comorbidities in their contribution to survival of lung cancer patients when controlling for other factors.
Materials and Methods
Data on a total of 6,551 lung cancer patients statewide were captured using the Nebraska Cancer Registry (NCR) linked with the Nebraska Hospital Discharge Data (NHDD) between 2005 and 2009, and followed up to December 31, 2010 or until death/censored, given 1 year lag period afterwards. NCR is population based and is initially collected information on only newly diagnosed primary cancers by the system (13) . The NHDD to be linked with cancer registry data were provided by Nebraska Hospital Association. There were inpatient and outpatient including emergency visit (ER) information initially collected by 87 acute care hospitals from 2005 to 2009 within the state (13) . A detailed description of the NCR, NHDD data, and the linkage methodology has been described previously and demonstrate a linkage rate of 97% for lung cancer patients (13) . For each patient in the NCR, the linkage provides important comorbidity information that was not available in regular cancer registry database. The 2005 and 2006 NHDD only had 10 diagnosis codes originally, while 25 diagnosis codes were included in the other years. The sensitivity of identifying the comorbidities of our interest using diagnosis codes included in 2005-2006 was over 99% in years where 25 diagnosis codes were provided. We excluded trans-sexual patients and those have missing values for stage or were recorded as "un-staged." If a patient had two or more records in the cancer registry database, only the first lung cancer diagnosis record was retained. Patients whose hospital discharge records were missing were also excluded from this analysis. The overall sample size after exclusion was 5,683 patients.
The data were considered secondary in that each patient record could only be identified at the state level. The patient's age at diagnosis was categorized into five age groups (0-44, 45-54, 55-64, 65-74, and 75þ), and lung cancer stages were summarized as localized, regional and distant lung cancer based on SEER summary staging (14) . For descriptive statistics, the proportions for all categorical variables were compared by the Pearson c 2 test and the Mantel-Haenszel c 2 test. Log-rank tests were used to compare survival times between patients with and without comorbidities.
Cox proportional hazards models were used to assess the effect of comorbidities on the overall survival of lung cancer patients in two ways: (i) the overall survival for lung cancer patients with comorbidities compared with those without comorbidities and (ii) the overall survival for lung cancer patients with any one of the 14 particular comorbidities compared with those without such particular comorbidity. The 14 comorbidities were myocardial infarction, congestive heart failure, peripheral vascular disease, cerebrovascular disease, dementia, chronic pulmonary disease, connective tissue disease, peptic ulcer disease, mild liver disease, diabetes without complications, diabetes with complications, paraplegia and hemiplegia, renal disease and moderate, or severe liver disease. These conditions were chosen based on the adaptation of the Charlson Comorbidity Index used in other studies using administrative databases (15) . Two of the comorbidities (malignancy and metastatic carcinoma) could have been the result of the lung cancer itself, and AIDS patients were not captured using this database; hence these three conditions were excluded.
In multivariate analyses, the models were adjusted for age, race, sex, and histology, as well as stratified by cancer stage.
Survival was calculated from the date of diagnosis to the last date of contact according to the NCR records. Patients were considered as censored if no death was recorded at their last date of contact. HR, P values, and 95% confidence intervals (CI) were given for the model and all statistical analyses were performed by SAS version 9.4.
Results
Of the 5,683 lung cancer patients who met the criteria for inclusion in this analysis, 3,741 (65.8%) died by the end of the data collection period. In this cohort, 1,517 (26.7%) patients did not have comorbidities of our interest at diagnosis. The majority of patients, 3,036 (53.4%) had distant (metastatic) lung cancer. Adenocarcinoma was the most commonly seen histologic subtype (34.1%). For those patients who had comorbidities, the most common comorbidities were chronic pulmonary disease (52.5%), diabetes (15.7%), and congestive heart failure (12.9%). The demographic data are shown in Table 1 .
Male gender, small cell, large cell, and other cell carcinomas (comparing with adenocarcinoma) were associated with lung cancer diagnosed at a more advanced stage, while patients with squamous cell carcinoma tend to be diagnosed at a less-advanced stage compared with adenocarcinoma (P < 0.0001). However, patients with comorbid conditions were more likely to be diagnosed at an earlier stage (P < 0.0001) after controlling for age, race, gender, and histologic type ( Table 2) .
On survival analysis, Kaplan-Meier curves showed that patients with comorbidity appear to have poorer survival within each stage and the difference of survival between patients with and without comorbidity seem to be greater in less-advanced stages (Fig. 1) . After adjusting for age, race, gender, and histologic type, the presence of comorbidity was associated with worse overall survival for lung cancer patients (Table 3 ). And it seemed that the impact of comorbidity was relatively greater in less-advanced cancer patients, which was shown in the decreasing point estimates of the HRs of localized (HR, 1.316), regional (HR, 1.228), and distant (HR, 1.075) lung cancer.
When stratified by stage, the overall survival was negatively associated with the presence of different comorbidities after controlling for age, gender, race, and histologic subtype ( Table 3 ). The survival of localized lung cancer patients was negatively associated with congestive heart failure (HR, 1.731; 95% CI, 1.33-2.253), diabetes with complications (HR, 2.167; 95% CI, 1.122-4.185), and moderate or severe liver disease (HR, 3.736; 95% CI, 1.088-12.826). In contrast, the survival of patients with regional disease was negatively associated with congestive heart failure (HR, 1.258; 95% CI, 1.041-1.521), dementia (HR, 2.332; 95% CI, 1.202-4.524), and renal disease (HR, 1.437; 95% CI, 1.099-1.879), whereas the survival of patients with distant disease was negatively associated with congestive heart failure (HR, 1.186; 95% CI, 1.05-1.399) and cerebrovascular disease (HR, 1.265; 95% CI, 1.079-1.484).
Discussion
In the present analysis, 36.8% of the patients survived their first year after lung cancer diagnosis with a median survival is 9.3 months for all stages combined. The overall 1-year survival was 72.3%, 50.0%, and 21.2% for localized, regional, and distant lung cancer patients, respectively. These numbers are similar to those from hospital-based studies on lung cancer patients with comorbidities. Tammemagi and colleagues (4) conducted a historical cohort study with patients diagnosed between 1995 and 1998 based on patient records, and reported a median survival of 0.86 years (10.32 months). A retrospective chart review in Nebraska conducted by Ganti and colleagues (9) reports a median survival of 8.4 months.
A national report based on the linked SEER-Medicare database found that the patients with lung cancer had the highest prevalence of comorbidities compared with other cancers; the most prevalent comorbidities were chronic obstructive pulmonary disease (COPD; 33.6%), diabetes (14.7%), congestive heart failure (12.4%), cerebrovascular disease (7.2%), and peripheral vascular disease (6.8%; ref. 16 ). These are similar to the findings of the present study. The reason for the relatively higher prevalence of COPD in our study could be the use of hospital-based data, where sometimes the occurrence of COPD can be overestimated due to vague descriptions in the medical record (3).
Tammemagi and colleagues (4) found 19 comorbidities that independently predicted survival in lung cancer patients, including infectious diseases, comorbidities with low prevalence (<2%) and specific diseases that were under a more detailed category. Nevertheless, a majority of the comorbidities with relatively high prevalence (>2%) that they found to be significantly associated with poorer survival, that is, congestive heart failure, COPD, liver disease, dementia, and renal disease, were also confirmed by our findings.
We found that diabetes and cerebrovascular disease were negatively associated with survival in patients with regional and distant lung cancer, respectively. Inal and colleagues (17) also found that diabetes was associated with the negative prognostic importance for overall survival, but they only included advanced non-small cell lung cancer patients while controlling for a limited number of other comorbidities. One explanation for our lack of finding significant associations between diabetes and survival in regional and distant stage lung cancer could be the small sample size of small cell lung carcinoma patients in these two stages (13.3% and 20.6% for regional and distant stage, respectively). Past studies related to comorbidities and cancer raised two generalized hypotheses: (i) comorbidity was not independently associated with mortality if the index disease was especially lethal and/or the explanatory model used included a number of clinical variables associated with the index diseases (4, 5, 11, 18-21); (ii) the impact of comorbidity is limited to, or predominates in, early-stage diseases (4). Lung cancer is one of the most aggressive forms of cancers with a generally poor prognosis. The first hypothesis was not supported by our findings, as well as another recent study that found negative survival associated with comorbidity after adjusting for cancer stage and histologic type of the cancer (4). The second assumption seemed more plausible, and some even found significant interaction terms between stage and certain comorbidities (4). Interestingly, our finding demonstrating worse outcomes with moderate or severe liver disease (HR, 3.736; 95% CI, 1.088-12.826) and dementia (HR, 2.332; 95% CI, 1.202-4.524) in regional stage lung cancer corresponded to the inconsistent impact of dementia and liver disease on survival across stages found by other studies (4). Renal disease was reported as having a universal impact on survival in both early-and advanced lung cancer in others studies (22) , but the impact on early-stage lung cancer was much higher compared with advanced stage lung cancer (HR, 2.74 in early stage;1.42 in advanced stage; 4). In the current study, we also found this kind of change in survival impact for renal disease (regional HR, 1.44; 95% CI, 1.1-1.88; distant HR, 1.11). One reason for this may be related to the use of chemotherapy, which is affected by Two methods were used in the multivariate Cox proportional hazard models to assess the effect of comorbidities on the overall survival of lung cancer patients: (i) the overall survival for lung cancer patients with comorbidities compared with those without comorbidities; (ii) the overall survival for lung cancer patients with any one of the 14 particular comorbidities compared with those without such particular comorbidity. In both methods, the analysis was controlled for age, race, sex, and histologic type.
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Cancer Epidemiol Biomarkers Prev; 24(7) July 2015 Cancer Epidemiology, Biomarkers & Preventionchemotherapy. Patients with early-stage disease are often treated with either surgery or radiation, whereas those with locally advanced and metastatic disease include chemotherapy (often, platinum-based) as an integral part of their treatment. Because platinum agents are excreted by the kidney, their doses are modified in patients with kidney disease or not used at all (cisplatin). This could at least in part explain the impact of kidney disease on survival in these stages. In other studies, peripheral vascular disease showed a protective effect against mortality, which can plausibly be explained by anticoagulants used in the treatment of peripheral vascular disease are also used to inhibit cancer progression and metastasis (4, 23, 24 ). Although we found that patients with peripheral vascular disease were associated with a lower risk of death (localized HR, 0.76; 95% CI, 0.52-1.11; Distant HR, 0.96; 95% CI, 0.83-1.11), the results were not significant.
The association between comorbidity and lung cancer survival is clinically plausible as the deleterious effects of most of the comorbid conditions can diminish the function of vital organs systems and may compromise treatment directly or through their association with other comorbidities (4). Patients with comorbidities may be diagnosed at an earlier stage due to more surveillance and screening given their frequency of clinician visits (3, (25) (26) (27) (28) . Our study supported this hypothesis as having any comorbidities was significantly associated with lung cancer diagnosed at an earlier stage (P < 0.0001) after controlling for age, race, gender, and histologic subtype.
Congestive heart failure (CHF) was associated with survival across all stages of lung cancer in our population. One study mentioned that congestive heart failure can indirectly impact survival because of its association with nonreceipt of cancer treatment (4) . Patients with congestive heart failure were found significantly less likely to receive surgery or chemotherapy than patients without CHF (29) . This partially explained why CHF has greater impact on localized stage lung cancer (HR, 1.731) compared with its decreased impact in regional stage (HR, 1.258) and distant stage (HR, 1.186) since the decision to proceed with surgery, the treatment of choice in this stage is affected by the presence or absence of CHF. Other comorbidities, such as dementia, renal, and liver diseases, are likely to be both associated with other comorbidities and nonreceipt of cancer treatment.
Our study population is slightly older than reported by other studies (3) . An older population probably contributed to a higher proportion of patients with comorbidities: 73.3% of the patients in our population had comorbidities of interest compared with 66% in the aforementioned study. The number of people with comorbidities in the present study is also higher than the national numbers based on SEER-Medicare data on patients ages >65 years (16) , which reported a 52.9% of the patients with some comorbidities. Although this number may vary depending on the definition of comorbidities in different studies, the high proportion of patients with comorbidities seen here could also be because of data source utilized. The hospital discharge data, based on which we identified comorbidities, could possibly have captured more patients with comorbidities than using data collected from Medicare claims data.
One limitation of this study is that smoking status was not controlled in this study due to the inaccuracy in recording smoking status using administrative data. Future studies need to overcome this weakness and clarify the role played by smoking in the model examining the comorbidities when controlling for other demographic and clinical variables. The number of comorbidity conditions studied here is also limited. Considerations should be given to other diseases when modeling the survival in lung cancer patients.
The comorbid conditions in this study were identified in the HDD at the time of diagnose (based on NCR). It is possible that we did not manage to catch all of the precomorbidity that might show up in pervious hospital admission before lung cancer diagnosis. However, the comorbidity conditions that we were interested in were mostly chronic conditions. If some conditions were not recorded in the diagnostic codes at the first cancerdiagnosis admission, there is a high probability that the conditions were either transient or already cured by the time lung cancer was diagnosed.
For concurrent comorbidities or those effects of cancer, unfortunately, we were unable to rule them out completely. This is one of the difficulties when conducting comorbidity research using historical data. Our goal is to compare the outcomes in patients with/without certain comorbidities, and to look at the overall survival given the conditions of the patients. It is not our intention to disentangle the causal relationship between comorbidity and lung cancer outcomes, which may interact with each other through a variety of mechanism as we mentioned before, and the investigation of which could be better accomplished using cancer/non-cancer-specific death adjusted for treatment.
During the follow-up of this study, 1,145 (20.1%) patients got censored after less than 1 year of the follow-up period, which can be considered as stop-of-contact/loss-to-follow-up in this study, though The NDHHS has been managing high-quality cancer registry database being awarded Gold Certification for data quality by the North American Association of Central Cancer Registries (NAACCR) each year. However, when comparing the hazards of death between patients with and without comorbidities, we tried our best and keep the informative censoring to a minimum by utilizing both the censored and uncensored data points in the Cox proportional hazard model to draw a more convincing and comprehensive conclusion on the additional magnitude of the survival risk due to comorbidities. The Cox proportional hazard model uses the survival time of the censoring data, which provides a much more accurate estimation comparing with logistic regression or maximal likelihood estimate, which only utilized the uncensored subjects. We provided the 1-year survival so that our study can be compared with studies that used administrative datasets alike, but we put much more emphasis on the additional magnitude of the survival risk contributed to individual comorbid conditions.
Given the comparatively high quality of the original databases and the linkage (13), there were still 20.1% patients that were censored after less than 1 year of the follow-up period. To better avoid underestimation and overestimation of our 1-year survival proportions, we exclude these patients who are censored within one year, but patients who are censored after one year were included in the 1-year survival calculation.
In order to achieve enough number of lung cancer patients at certain stages with different types of comorbid conditions, small cell and non-small cell lung cancer patients were analyzed together and adjusted for histologic types in the model. In the future, we would continue to study comorbid conditions in these two types of lung cancer separately because their behavior and treatment were different. Analyzing small cell and non-small cell lung cancer can also avoid treating histologic type as a confounding effect when using it as a variable in the model.
Overall, the results of this study will contribute to a better understanding of how various comorbid conditions affect survival in lung cancer. The use of population-based cancer registry linked with hospital discharge data in this study allows large sample size, extensive variables, and wide array of comorbidities to be studied.
The nature of any study evaluating the impact of comorbidity in cancer is that the causal relationships of these associations between different comorbidities and survival are multifaceted and interact with each other through multiple mechanisms. The relationship between the existence of comorbidity and receipt of treatment, as well as the interference of comorbid conditions on staging need to be further elucidated through population cohort and experimental studies. These findings hopefully will be beneficial to guide the treatment and management of comorbid conditions in lung cancer patients, to enhance more intensive monitoring and appropriate treatment.
Our conclusion is that after adjusting for age, race, sex, stage, and histology, different comorbid conditions were significantly associated with lung cancer survival at different stages. Future models for predicting lung cancer survival should take individual comorbid conditions into consideration, and a new comorbidity index should be developed with emphasize on the different effects of some specific comorbidities.
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